One hundred thirty-five cases of infective endocarditis in adults at the University of Alberta Hospital from 1985 to 1993 were reviewed and the von Reyn and Duke criteria were compared. There were 80 cases of native valve endocarditis, 15 cases of endocarditis in intravenous drug users, 7 cases of early prosthetic valve endocarditis, and 33 cases of late prosthetic valve endocarditis. Valve replacement or repair was performed in 33% of all cases. The overall mortality was 19%. The mortality among patients treated surgically was significantly lower than that among those treated medically (9% vs. 24%, respectively; P = .037). However, when patients who were too medically unstable for surgery or who refused surgery were excluded, the mortality among the medically treated group decreased to 15%, which was not significantly different from that among the surgically treated group. The 33 patients transferred from other hospitals were infected with similar pathogens; however, the rate of surgical intervention among these patients was much higher than that among other patients (64% vs. 24%, respectively; P < .0001), and the mortality was slightly lower (12.1% vs. 21.6%, respectively; P = .31). The 54 surgical and autopsy-proven cases were classified by the von Reyn and the Duke criteria without knowledge of the operative and autopsy results: 15% of these cases were rejected by the von Reyn criteria, and none were rejected by the Duke criteria.
One hundred thirty-five cases of infective endocarditis in adults at the University of Alberta Hospital from 1985 to 1993 were reviewed and the von Reyn and Duke criteria were compared. There were 80 cases of native valve endocarditis, 15 cases of endocarditis in intravenous drug users, 7 cases of early prosthetic valve endocarditis, and 33 cases of late prosthetic valve endocarditis. Valve replacement or repair was performed in 33% of all cases. The overall mortality was 19%. The mortality among patients treated surgically was significantly lower than that among those treated medically (9% vs. 24%, respectively; P = .037). However, when patients who were too medically unstable for surgery or who refused surgery were excluded, the mortality among the medically treated group decreased to 15%, which was not significantly different from that among the surgically treated group. The 33 patients transferred from other hospitals were infected with similar pathogens; however, the rate of surgical intervention among these patients was much higher than that among other patients (64% vs. 24%, respectively; P < .0001), and the mortality was slightly lower (12.1% vs. 21 .6%, respectively; P = .31). The 54 surgical and autopsy-proven cases were classified by the von Reyn and the Duke criteria without knowledge of the operative and autopsy results: 15% of these cases were rejected by the von Reyn criteria, and none were rejected by the Duke criteria.
Infective endocarditis (IE) is infection of the endocardial structures, including the cardiac valves and mural endocardium. Advances in echocardiography and blood culture technology have made the diagnosis of IE easier. The role of two-dimensional echocardiography, including the transesophageal approach, in the diagnosis [l] and prognosis [2] of IE has been the subject of recent reviews. In an effort to improve diagnostic accuracy, new diagnostic criteria for IE that incorporate an important role for echocardiography have been recently developed at Duke University (Durham, NC) [3] . We review our experience with IE in adult patients at our institution over a 9-year period; we used the new Duke criteria to establish the diagnosis of IE.
Methods
We conducted a retrospective chart review of all cases of IE in adult patients over a 9-year period from I January 1985 to 31 December 1993 at the University of Alberta Hospital, a 562-bed teaching hospital in Edmonton, Alberta, Canada. It is the only hospital in northern Alberta in which cardiac surgery is performed.
The cases were identified from the medical records department with use of diagnostic codes for IE. The diagnostic codes included all discharge diagnoses and all autopsy diagnoses. Cases were categorized as (l) native valve endocarditis (NVE) in patients without a history of intravenous drug use, (2) endocarditis in intravenous drug users without prosthetic valves (IVDU), (3) early prosthetic valve endocarditis (PVE), defined as developing within 60 days after valve replacement, and (4) late PVE, defined as developing > 60 days after valve replacement.
IE cases were defined according to the Duke criteria [3] as definite, possible, or rejected. Rejected cases were not included in our analysis. Definite cases fulfilled either (l) pathological criteria consisting of cultural or histologic demonstration of microorganisms in a vegetation, embolized vegetation, or intracardiac abscess or histologic evidence of a vegetation or abscess, or (2) clinical criteria meeting two major criteria, one major and three minor criteria, or five minor criteria (major and minor criteria are defined below). Possible cases were those with findings consistent with IE that fell short of the definite criteria but did not fulfill the rejected criteria. The rejected criteria were (I) a firm alternate diagnosis explaining the patient's illness, (2) resolution of the endocarditis syndrome with antibiotic therapy for~4 days or (3) no pathological evidence of endocarditis at surgery or autopsy after antibiotic therapy for~4 days.
The major criteria were (l) two separate blood cultures positive for typical microorganisms of IE, such as viridans streptococci (including nutritionally variant streptococci), Streptococcus hovis, the HACEK group, or community-acquired Staphylococcus aureus or enterococci in the absence of a primary focus, or persistently positive cultures of blood drawn mens drawn at least I hour apart; and (2) evidence of endocardial involvement as shown by either a positive echocardiogram with an oscillating intracardiac mass, abscess, or new partial dehiscence of a prosthetic valve or new valvular regurgitation.
For the purposes of this review, echocardiographically evident definite or highly suggestive valvular vegetations were considered definite or probable vegetations, whereas valve thickening was considered a possible vegetation and used as a minor criterion.
The minor criteria were (1) predisposing heart disease or intravenous drug use; (2) fever (temperature of~38°C); (3) vascular phenomena (such as major arterial or pulmonary emboli, mycotic aneurysms, intracranial hemorrhage, conjunctival hemorrhage, and Janeway lesions); (4) immunologic phenomena (such as glomerulonephritis, Osler's nodes, Roth's spots, and rheumatoid factor); (5) an echocardiogram consistent with IE but not meeting the major criteria (including nonoscillating targets, new valve fenestrations, and valve thickening); and (6) microbiological evidence of infection (including positive blood cultures not meeting the major criteria or serological evidence of infection with an organism consistent with IE).
The von Reyn criteria for the diagnosis of IE [4] were also applied in all surgical and autopsy-proven cases of endocarditis and were compared with the new Duke criteria. The von Reyn criteria, which do not consider echocardiographic data, categorize cases as definite, probable, possible, or rejected.
The hospital records were examined, and information pertaining to demographic characteristics, clinical and laboratory features, etiology, sites of infection, outcome, and complications was collected.
Results

Demographics
One hundred thirty-five episodes of IE occurred in 130 patients over the 9-year period between 1985 and 1993. No cases were identified solely at autopsy. The demographic features of our patients are outlined in table 1. There were 80 episodes of NVE, 15 of IVDU, 7 of early PVE, and 33 oflate PVE. There were 114 episodes (84%) of definite IE according to the Duke criteria: 54 fulfilled pathological criteria, 43 fulfilled two major criteria, 17 fulfilled one major and three minor criteria, and none fulfilled five minor criteria. Twenty-one cases (16%) were classified as possible IE according to the Duke criteria. There was a male predominance of 65% except for 53% among the IVDU group. The patients' ages ranged from 17 to 87 years (mean age: IVDU patients, 35 years; NVE patients, 49 years; and PVE patients, 60 years).
Most cases (102 [76%]) were diagnosed at the University of Alberta Hospital, and 33 (24%) were diagnosed at other hospitals; these patients were subsequently transferred to our tertiary care center. Most endocarditis cases were community acquired except for 16% of NVE cases, six (46%) of which were secondary to intravenous catheter-related bacteremia. Early PVE was always considered nosocomially acquired, and two (6%) of 33 cases of late PVE were nosocomial.
Predisposing conditions for bacteremia were found in 37 patients with NVE and seven patients with late PVE. Of those patients with NVE, 13 (16%) underwent dental procedures within 8 weeks of hospitalization for IE, 16 (20%) had distant foci of infection, and 5 (6%) had a respiratory tract source. The IVDU group had no risk factors other than intravenous drug use. Among those patients with late PVE, five (15%) had a predisposing dental source and two (6%) had infections at distant sites.
Predisposing heart disease was present in 44 (55%) of those patients with NVE and one (7%) of those patients with IVDU. The predisposing conditions in patients with NVE were bicuspid aortic valves (15% of patients), mitral valve prolapse (MVP; 13%), rheumatic heart disease (RHD; 11%), congenital heart disease (9%), previous endocarditis (5%), calcific aortic stenosis (2.5%), and isolated aortic insufficiency (2.5%). One IVDU patient had previous IE.
Almost all patients underwent two-dimensional echocardiography: 98% ofNVE cases, 100% ofIVDU cases, 100% of early PVE cases, and 94% of late PVE cases. Definite or probable vegetations were found in 78% of NVE cases, 60% of IVDU cases, 43% of early PVE cases, and 30% of late PVE cases. Transesophageal echocardiography became available in July 1991 and was used in the last 2.5 years of the study. Of the 40 cases in which transesophageal echocardiography was used, only three (7.5%) had no valvular abnormalities suggestive of IE; two of these patients had PVE. In contrast, 17 (19%) of 91 cases in which only transthoracic echocardiography was used had no echographic signs of IE; 11 of these patients had PVE.
Site of Infection
The valves most frequently involved in NVE and PVE were the aortic and mitral valves (table 2). The aortic valve was involved in 39%, 52%, and 43% of NVE, late PVE, and early PVE cases, respectively. The tricuspid valve was involved in 73% of IVDU cases (alone in nine cases and together with the mitral valve in two cases). Isolated left-sided IE was present in only two (13%) of 15 IVDU patients.
The site of endocardial infection was unknown in 6 NVE cases (7.5%), 1 IVDU case (7%), and 2 late PVE cases (6%; 1 with prosthetic aortic and mitral valves, and I with a prosthetic aortopulmonary shunt and suspected right-sided IE).
Clinical Features
The clinical features of our patients are outlined in table 3. The duration of symptoms before the diagnosis of IE varied consider- ably (range, 1-270 days; mean: NVE patients, 29 days; IVDU patients, 11 days; early PVE patients, 13 days; and late PVE patients, 28 days). Most patients (87%) complained of fever. Other common symptoms included chills (56% of patients), arthralgiasl myalgias (19%), and pleuritic chest pain (13%).
A murmur was detected in 94% of patients; a regurgitant murmur, in 79%; and a new or changing murmur, in 46%. The temperature of patients at the time of presentation varied considerably; the temperature of some patients transferred to our institution from other hospitals was unknown. However, 61 % of patients had a temperature of> 37.8°C before the institution of antimicrobial therapy. Peripheral stigmata of IE were found with varying frequency but were most prevalent in NVE and late PVE patients followed by IVDU and early PVE patients. Splinter hemorrhages were the most prevalent sign (53% of all patients) followed by petechiae (21 %), a palpable spleen (16%), clubbing (15%), Osler's nodes or Janeway lesions (9%), and Roth's spots (3%).
Laboratory Parameters
Various hematologic and immunologic parameters are summarized in table 4. Of particular note, hematuria was found in 41 % of IE cases, and in the 56 cases in which the rheumatoid factor level was measured, positive results were found in only 23%. Concentrations of complement (C3 and C4 specifically) were measured in ",30% of patients, of whom 27% had low C3 concentrations and 33% had low C4 concentrations.
Levels of circulating immune complexes were measured in 38 cases and were elevated in 63%. The erythrocyte sedimentation rate (ESR) was measured in 91 IE cases (67%) and was elevated (>20 mm/h) in 91 %. Most of these patients had an ESR between 40 and 60 mm/h. At presentation hemoglobin concentrations in all patients were available, and 65% presented with values of < 12 g/dL.
Microbial Etiology of Endocarditis
The pathogens causing IE are listed in table 5; the etiologic agents ofNVE, IVDU, early PVE, and late PVE varied. Streptococci accounted for 34 (43%) of 80 NVE cases, and S. aureus caused 24 (30%) of these cases. Of the cases of streptococcal NVE, 32 were caused by members of the viridans group, and one case each was caused by group B and group G streptococci. Enterococci were responsible for only 5% of NVE cases, and Of the seven cases of early PVE, four were due to coagulasenegative staphylococci, and three were culture-negative; two of these three patients had received antibiotic therapy immediately before the diagnosis of IE.
The etiology of late PVE resembled a hybrid of pathogens of NVE and early PVE, with streptococci (27% of cases), coagulase-negative staphylococci (24%), S. aureus (18%), and enterococci (9%). One case each was due to Corynebacterium jeikeium, Escherichia coli, and polymicrobes. Three cases of late PVE were culture-negative; one of these patients had received previous antibiotic therapy.
Mortality
The overall mortality in our series was 19% (26 of 135); autopsies were performed in 42% (11 of 26) of these cases. Mortality varied among the NVE, IVDU, early PVE, and late PVE patients with rates of 23%, 7%, 14%, and 18%, respectively (table 6). The major cause of death was congestive heart failure (CHF) followed by sepsis and embolic events. Mortality also varied according to the microbial etiology of IE (table 7) . Polymicrobial infection and S. aureus infection were associated with the highest overall mortality (43% and 28%, respectively), although there were only seven cases of polymicrobial infection. None of the six patients with only right-sided IE due to S. aureus died, but nine (35%) of 26 patients with left-sided IE due to S. aureus died. The mortality associated with endocarditis due to enterococci, gram-negative bacilli (including the HACEK group), and streptococci was 25%, 18%, and 16%, respectively. No patient with coagulase-negative staphylococcus IE died. Mortality was significantly greater among the medically treated patients than among the surgically treated patients (24% vs. 9%, respectively; P = .037; Fisher's exact test) (table 8) . However, when the 10 patients who were too medically unstable for surgery or who refused surgery were excluded, the mortality among the medically treated patients decreased to 15%, and the difference in mortality between medically and surgically treated patients was no longer significant.
Complications
The major complications of IE (table 6) were embolic events (40% of cases), CHF (38%), abscess formation (13%), and heart block (10%). Embolic events were most common in patients with IVDU; 67% of these patients had clinical or radiographic evidence ofseptic pulmonary emboli. Systemic embolization was evident in 43% of NVE cases, 29% of early PVE cases, and 24% of late PVE cases. Systemic embolization occurred more frequently in cases of single-site left-sided IE with mitral valve involvement (14 [37%] of 38) than in cases of aortic valve involvement (14 [27%] of 51), but this difference was not statistically significant.
Valve replacements or repairs were performed in a total of 45 IE cases (33%): 33% of NVE cases, 33% of IVDU cases, 43% of early PVE cases, and 33% of late PVE cases. The major indication for surgery was CHF followed by persistent bacteremia, recurrent emboli, annular abscesses, prosthetic valve dehiscence, and enlarging vegetations. When the aortic valve was infected, it usually required replacement: 52% of NOTE. Data are no. (%) of cases. Of the culture-negative cases, antibiotics were previously administered in 5 cases of native valve endocarditis, 1 case of intravenous drug user endocarditis, 2 cases of early prosthetic valve endocarditis, and 1 case of late prosthetic valve endocarditis. IE ::= infective endocarditis.
* Haemophilus parainjluenzae (2 cases), Haemophilus aphrophilus (1), and Cardiobacterium hominis (1).
t Proteus mirabilis (2) and Bacteroides fragilis (l). +Micrococcus species (1). § Microaerophilic streptococci plus Corynebacterium species (1) and S. aureus plus coagulase-negative staphylococci (1). II Streptococcus pneumoniae plus Haemophilus injluenzae (1); viridans streptococci plus S. aureus (1); H. parainjluenzae plus coagulase-negative staphylococcus (1); and Eikenella corrodens, Veillonella species, Fusobacterium species, group C streptococcus, Eubacterium species, S. aureus, Bacteroides species, and S. intermedius (1) .
# S. epidermidis plus Staphylococcus saprophyticus (1).
NVE cases, 100% of IVDU cases, 50% of early PVE cases, and 47% of late PVE cases. Infected mitral valves required replacement in only 18% of NVE cases, 20% of IVDU cases, 50% of early PVE cases, and 21 % of late PVE cases. Tricuspid valve replacement or repair was performed in eight (36%) of 22 cases.
The necessity for valve replacement or valve repair varied according to the microbial etiology of IE. Of 36 patients with S. aureus IE, seven (19%) underwent surgery; five of these patients had NVE, and two had late PVE. Surgery was performed in 21 (48%) of 44 cases of streptococcal IE; of these patients, 18 had NVE, 1 had IVDU, and 2 had late PVE. Valve surgery was performed in 38% (5 of 13) of cases of coagulasenegative staphylococcus IE, all of which were PVE. A valve was replaced in one (13%) of eight cases of enterococcal IE (a case of late PVE). Surgery was performed in three (30%) of 10 cases of IE due to aerobic gram-negative bacilli: 1 case of P. aeruginosa IVDU, 1 of H. parainjiuenzae NVE, and 1 of H. aphrophilus NVE. Surgery was done in 43% (3 of 7) of cases of polymicrobial IE, all of which were IVDU. Surgery was performed in four (29%) of 14 cases of culture-negative IE: 3 cases of PVE and 1 of NVE. Valve surgery was also done in one case of late PVE due to C. jeikeium.
Comparison of Duke and von Reyn Criteria
The 54 proven cases of IE were compared by the von Reyn and Duke criteria. The cases were classified without knowledge em 1996;22 (February) (23) 1 (7) 1 (14) 6 (18) No. with cause of death 
AVR plus MVR (4) and AVR plus TVR (I). ** AVR plus MVR plus TV repair (1) and AVR plus TV repair (I). tt AVR plus MVR (I).
H MVR plus TVR (1). § § Embolic events also contributory to death in one case each of NVE with sepsis, early PVE, and late PVE and in two cases of NVE with CHF plus sepsis.
of surgical or autopsy findings (table 9) . According to the von Reyn criteria, 74% of cases were probable, 11% were possible, and 15% were rejected. Of the eight cases rejected by the von Reyn criteria, four involved prosthetic valves. According to the Duke criteria, 80% were definite, and 20% were possible.
Patients Referred to Our Institution
Among the 33 patients who were referred to our institution because of IE or suspicion of IE, 27% (9 of 33) had S. aureus IE, 33% (11 of 33) had streptococcal IE, and 39% (13 of 33) had IE due to another etiology. However, 25% each of patients with IE due to S. aureus (36 cases), streptococci (44), or other etiologies (55) were referred to our institution. The surgical rate was significantly higher among referred patients (21 [64%] of 33) than among those whose IE was diagnosed at our center (24 [24%] of 102; P < .0001). The high surgical rate among the whole cohort of referred patients was largely due to a very high incidence of surgery in streptococcal cases (l0 of 11 referred cases vs. 11 of 33 local cases; P = .013). Table 7 . Mortality according to pathogen in 135 cases of IE.
Discussion
NOTE. IE = infective endocarditis. * Corynebacterium jeikeium (1 case) and Micrococcus species (1 case).
The classification of IE into the four categories of NVE, IVDU, early PVE, and late PVE is useful since each category has unique clinical and microbiological aspects. We found that patients with NVE were predominantly male with underlying heart disease and left-sided valve involvement and that the principal pathogens of NVE were streptococci or S. aureus.
In contrast, the IVDU patients were the youngest and had predominantly tricuspid valve involvement, a high rate of embolic events, and a very low mortality; most cases were due to S. aureus. Patients with PVE were the oldest and had nearly exclusively left-sided involvement. Early PVE was due to coagulase-negative staphylococci or was culture-negative, whereas streptococci, coagulase-negative staphylococci, and S. aureus were all important pathogens of late PVE.
Sixteen percent of our NVE cases were nosocomial, a finding that is consistent with the range of 4%-29% in the literature [4] [5] [6] [7] [8] . Predisposing conditions for bacteremia other than intravenous drug use have been described in 10% to 61 % of patients with IE [4-6, 9-15] and were present in 46% of our patients. Dental sources of bacteremia were found in 16% of our patients with NVE and have been described in 6% to 33% of patients in previous studies [6, 9, 11] .
Echocardiographic evidence ofvalvular vegetations has been used in the clinical definition of IE in previous reviews [12] ; however, this evidence has now been formally incorporated into new criteria developed by the Duke Endocarditis Service [3] . In a prospective study of 69 pathologically confirmed cases of IE, the Duke criteria had a sensitivity of 80% compared with 51 % with the von Reyn criteria [3] . Bayer et al. [16] recently evaluated the Duke criteria in a prospective study of 63 cases of suspected IE and 10 surgically confirmed cases of IE. All 10 surgically confirmed cases were classified as definite by the Duke criteria, but 50% of these were rejected by the von Reyn criteria.
Among our 54 surgical and autopsy-proven cases of IE, 80% were classified as definite, and none were rejected according to the Duke criteria; however, 15% were rejected by the von Reyn criteria. This rejection rate of 15% is much less than the rate of 50% that was previously reported in 10 cases by Bayer et al. [16] but is similar to the rate of 19% found by Hoen et al. in a series of 27 cases [17] . The Duke criteria classify a greater proportion of cases as definite, as opposed to the category of probable of the von Reyn criteria, largely because of 3 The mortality among the 33 referred patients was 12.1%, which was lower than the mortality among nonreferred patients (21.6%); however, this difference was not statistically significant. Of all 36 patients with S. aureus IE, three (33%) of nine referred patients and seven (26%) of 27 whose cases were diagnosed at our hospital died. Of all 44 patients with streptococcal cases, none of the 11 referred patients and seven (21 %) of 33 whose cases were diagnosed at our center died (P = .165). the use of echocardiographic data. Further evaluation of the Duke criteria is required in a prospective study, particularly of patients with prosthetic valves and intravenous drug users.
Pathogen
Our results confinn those of McKinsey et al. [13] that predisposing heart disease has shifted away from RHD toward MVP and degenerative valve lesions as the major risk factors for IE. RHD was described in 39%-72% of IE patients in studies from 1924 to 1963 and in only 12%-25% from 1970 to 1982 [13] . RHD was present in only 11% of NVE patients in our series, thus reflecting this trend. We did not identify predisposing heart disease in 45% of the NVE patients, a rate that is nearly identical to the rate of46% recently reported by Watanakunakom and Burkert [5] among NVE patients without a history of intravenous drug use. MVP was found in 13% of our NVE patients, a finding that is consistent with the range of 0-29% reported in recent reviews [4, 5, [12] [13] [14] .
The clinical features of patients with IE have not changed appreciably over the last few decades. Most patients present with fever and a cardiac murmur, and the frequency of other signs of IE varies; the precise prevalence of these signs would be best studied prospectively. Hematuria was found in 41 % of our patients and has been described in '"50% of patients with IE [4, 6] . Only 23% of our patients who underwent testing had positive levels of rheumatoid factor, which is similar to a previous report of 24% [4] but less than the rate of 54% reported by Gossius et al. [15] . An elevated ESR of >20 mm/h was found in 91 % of our patients, a finding that is consistent with those of previous studies [12, 15] .
The predominance of streptococci as a cause of NVE was maintained in our series as in previous reports; streptococci accounted for 42.5% of our cases as compared with a range of 20%-63% of cases in the literature [4] [5] [6] [9] [10] [11] [12] [13] [14] [15] . S. aureus has been reported as an etiologic agent of 13% to 49% of cases of NVE [4] [5] [6] [9] [10] [11] [12] [13] [14] [15] . Thirty percent of our NVE cases were due to S. aureus, which is consistent with rates in previous reports. The microbial etiology of early and late PVE was as expected, with late PVE mimicking NVE except for an increase in cases due to coagulase-negative staphylococci. Previous studies have reported rates of culture-negative IE of 5% to 24% [4, 6, 9, [18] [19] [20] . The rate of culture-negative IE varied among our four groups, with the highest frequency among those with early PYE. Sixty-four percent of our culture-negative cases occurred in patients who received previous antibiotic therapy, thereby emphasizing the importance of collecting blood for cultures before initiating treatment.
Complications of IE included CHF, emboli, myocardial abscess, heart block, and persistent bacteremia with shock, multiple organ failure, and death. Systemic embolization was more common in patients with mitral valve IE than in those with aortic valve IE. The most common complications in our NVE patients were CHF and embolic events. The most common complication in IVDU patients was septic pulmonary emboli. The frequencies of CHF and embolic events among patients with PVE were similar. Our overall rate of CHF of 38% is consistent with rates of 22%-71% in other reports [4, 6, 14, 15] . Overall, 33% of our patients underwent surgery, a rate higher than the rate of 9%-27% reported in previous series [4, 6, 11, 14, 15] . The high rate of surgical intervention among our patients is explained by the fact that 64% of the referred patients underwent surgery compared with 24% of the nomeferred patients.
The overall mortality in our series was 19%, which is lower than the rates of 21.4%-50% reported in most previous series [5, 6, 9-12, 14, 15] but is similar to the experience of the Mayo Clinic (mortality of 19% among residents of Olmstead County and of 16% among those referred to the clinic from outside Olmstead County [21] ). The mortality of 23% among our NVE patients is consistent with the range of 15% to 27% reported in the literature [5, 9, 10, 12, 14, 21] . The mortality among our IVDU patients was 7%, which is much lower than the mortality of 22% reported by Pelletier and Petersdorf [6] but is similar to the mortality of 9% reported by Garvey and Neu [9] as well as by Watanakunakorn and Burkert [5] . However, more surprising was our low mortality of 14% and 18% among the early PVE patients and late PVE patients, respectively. These rates are much lower than the rates of 19%-63% reported in most of the literature [4, 6, 9, 10, 14, 21, 22] but are similar to the mortality of 7.4% in 27 cases of late PVE reported by Watanakunakorn and Burkert [5] . The low mortality among our PVE patients may be a result of earlier and more aggressive surgical intervention. The trend toward reduced mortality with early surgical intervention has been reported in the past [23] [24] [25] .
When the medically treated and surgically treated patients in our study were compared (table 8) , there was a statistically significant lower mortality among the surgically treated patients in the entire cohort as well as among those with NVE. The trend toward reduced mortality was maintained among all groups except the early PVE patients; the total numbers of these patients were too small to draw any conclusions. The need for early surgical intervention to reduce mortality among IE patients with moderate-to-severe CHF has been previously addressed [25] . In recent reviews the mortality among medically treated patients vs. surgically treated patients was 27% vs. 11% (NVE) [12] , 56% vs. 23% (PVE) [22] , and 40% vs. 20% (NVE and PVE) [11] .
Mortality also varied by pathogen. Polymicrobial infections were associated with the highest mortality of 43%, and the mortality associated with infections due to S. aureus was 28%, which is generally lower than the rates of 29%-69% reported in previous studies [4, 6, 9, 11, 12, 14, 15] . However, leftsided IE due to S. aureus was associated with a mortality of 35%, thus highlighting the seriousness of this disease. Enterococcal IE was associated with a mortality of 25%, which is consistent with those of previous reports of 17%-80% [6] , and streptococcal IE was associated with a mortality of 16%.
Interesting information was obtained from our population of referred patients. The mortality among these patients (12.1 %) was lower than the mortality among nonreferred patients (21.6%), although the difference was not statistically significant. However, the surgical rate was much higher among referred patients than among those whose cases were diagnosed at our center (64% vs. 24%, respectively; P < .0001; Fisher's exact test), and this fact is likely a major factor in the reduced mortality among the referred patients. Furthermore, it is also probable that patients who were hemodynamically unstable or who refused surgery were less likely to be transferred to our center, although there is no way of confirming this hypothesis.
Microbial etiology was not a factor in patient referral; the numbers of patients with S. aureus IE and streptococcal IE who were referred were proportional, and the surgical rate among referred patients differed: 91 % among those with streptococcal IE and 22% among those with S. aureus IE. In addition, the mortality among the referred patients with S. aureus IE was 33% (3 of 9) and that among those with streptococcal IE was 0 (0 of 11). The increased mortality and reduced surgical rate among those referred patients with S. aureus IE can be explained by the aggressive and rapidly destructive nature of S. aureus IE. Of the three patients in this group who died, two were too medically unstable for surgical intervention although it was clearly indicated.
In conclusion, the classification of IE into four groups is clinically useful because each group has unique demographic, anatomic, bacteriologic, and treatment characteristics. Leftsided involvement predominates in both NVE and PVE, whereas tricuspid valve involvement predominates in IVDU. The predominant pathogens are streptococci in NVE, S. aureus in IVDU, and coagulase-negative staphylococci in early PVE; in late PVE all three of these pathogens are of similar relative importance. The overall mortality was 19% and was highest among NVE and late PVE patients. Surgery was performed in 33% of cases overall, with similar rates among all four groups. The mortality was significantly higher among the medically treated patients, although this difference was not significant when patients who were too ill for surgery or who refused surgery were excluded. All 54 surgical and autopsy-confirmed cases were identified by the Duke criteria for the diagnosis of IE, whereas the von Reyn criteria rejected 15% of these cases. We conclude that the Duke criteria are more clinically relevant than the von Reyn criteria and that a low threshold for surgical intervention in the management of IE is indicated.
